The curricula in engineering and engineering technology programs should be dynamic with a goal of constant improvement and refinement. Unfortunately, this is often not the case; courses are developed, altered, and expanded in a piecemeal manner. Rarely is there a holistic top down examination of desired input and output skills for individual courses and a discussion surrounding course organization. Namely, as time progresses many programs end up with courses that developed not a developed curriculum. As part of a strategic planning exercise at a combined Manufacturing and Mechanical Engineering Technology Program, a team was tasked with examining the curriculum to determine if its organization and coverage were appropriate.
Introduction
Engineering and engineering technology educators spend a significant portion of their time with students explaining various aspects of design and design related tools. Unfortunately, these same faculty members rarely use the same tools they teach to examine, assess, and develop their own product: their curriculum. Gannod et al., note that the university's product is a curriculum that prepares students in their chosen field of study 1 . As such, the same tools that are often used in developing products in industry can in some cases be used to develop a curriculum that meets the needs of the customers for this product: the students and their employers (industry).
It is somewhat rare for a curriculum to be developed from scratch. Sometimes a new technology such as CAD can allow for the reassessment of the curriculum 2 . In other cases a new school or program may present an opportunity to re-evaluate engineering education; such as the Olin College of Engineering 3 . Other times a need for a specific set of skills, such as nuclear Page 25.65.2 engineering, can call for the creation of a specific program 4 . In these cases the opportunity to create something new can inform ways to improve existing curricula. When developing a new curriculum to incorporate computer-aided engineering tools, the need for faculty and administrative involvement was noted 2 . During the development of the Olin curriculum, the needs for interdisciplinary work, teamwork, a business context for engineering, more design practice, and lifelong learning were highlighted; a sunset clause to re-evaluate the curriculum was also included 3 . When developing a new nuclear engineering program, component design skills, economics, and interdisciplinary problem solving skills were highlighted 4 . When creating a mechatronics curriculum Das et al., noted that the needs of industry and student competence as reasons for curriculum development 5 .
Other work has highlighted various aspects of curriculum development and some of the goals and outcomes that are desired as part of the process. ABET along with a dynamic professional environment has resulted in a focus on professional skills 6 . Determining what tools are used by practicing engineers and how they spend their time can be used to inform curriculum development 7 . Harris and Cullen note the need to incorporate more self-learning into the curriculum 8 . As part of an industry sponsored product lifecycle management course, Chang and
Miller focus on problem solving, project management, communication, and teamwork 9 . Earnest notes that the efficacy of the educational program is dependent on curriculum development and highlights the need to have clarity among stakeholders who include: curriculum developers, students, teachers, administrators, and industry
10
. Gadalla also notes the need of curriculum developers to consult industry 11 . Kuo also recognizes the importance of relevance to industry and notes the need for continuous improvement in curricula 12 . Again returning to the framework of Gannod et al., a curriculum can be viewed a product that needs to be verified and validated 1 .
Verification is defined as building the product correctly, while validation is defined as building the right product 1 ; this work is focused on curriculum validation.
One thing anyone familiar with product design will be familiar with is identifying customer needs or the voice of the customer (VOC). This is an integral part of any development project 13 .
It is important to not only identify customer needs, but also the importance of those needs 14 . An understanding of customer needs and a focus on them are key for the success of any product 15, 16 ; in this case the success of an educational curriculum.
It should be recognized that an educational curriculum is not like a standalone item. The skills required at the conclusion of an educational program may require other intermediate inputs. How these skills come together and the order of the various courses that produces the end product is a key aspect of curriculum development. A tool that can help inform such organization is the design structure matrix (DSM). The design structure matrix is a tools that is used to analyze dependencies. It has been widely used in product development 13 . DSM's have been used in various contexts to make development more efficient 17 and improve product design 18 After requesting the free response skills from IAC members, the master list of skills was distributed to the IAC members to determine which skills they deemed critical and which they deemed obsolete. They were asked to select five from both the critical and obsolete categories. The results from this feedback are shown in Table 2 . Next the same master list of skills was distributed to the faculty; the faculty were asked to rate the skills on a scale from one to five (one -not important or necessary; five -critical skill). The results from the faculty feedback are listed in Table 3 .
The next step in the curriculum assessment process was to create DSM's for the program courses. The DSM row shows a particular course (they are listed in numerical order regardless of prerequisite). The columns show the required interactions. If a particular course is needed prior to another course, an "X" is placed in that column that intersects with the row representing the necessary course. These were assembled using two methods. Like most university curricula, there is a defined set of prerequisites for the courses in the program. A DSM was created using the university course catalogue and the defined course prerequisites. The DSM using the course catalogue is shown in Figure 2 . A second DSM using the list of stated desired incoming skills was also created. That second DSM is shown in Figure 3 . Next the two matrices were compared. This comparison DSM is shown in Figure 4 ; in this matrix courses that are listed as prerequisites in the course catalogue, but not according to necessary input skills are shown with a "C". Courses that are listed as an input skill requirement, but not a prerequisite according to the catalogue are listed with an "F". Table 1 shows the free responses from IAC members. All keywords that received two or more mentions are shown. Four of the six professional skills cited by Shuman 6 are well represented in the results: teamwork, learning, ethics, and communication (engineering in a global context and knowledge of contempary issues were not in the results). Other skills identified by others with a focus on curriculum development are also represented. These include problem solving, teamwork and learning 3, 8, 9, 12 . Table 2 shows the responses for skills that IAC members felt were critical. There was a natural partition at those skills receiving more than four critical votes. It should also be noted that some IAC members listed more than the instructed five skills as critical. Again, the list is in agreement with many of the skills cited in previous curriculum development work. There are some skills that are unique to the manufacturing nature of the program (i.e., automation, fabrication processes, design for manufacturing and assembly). These skills are also in agreement with the average ratings given by the faculty shown in Table 4 . The top five critical skills selected by the IAC members were all represented in the top ratings by faculty members (again chosen due to the natural break presented by those receiving an average rating equal or above 4.00). The first DSM shown in Figure 2 is taken from the prerequisite structure defined by the university course catalogue. The courses are listed in numerical order. It should be noted that three interactions that are shown below the diagonal are due to courses that while they have higher numbers are actually meant to be taken prior to their input course (e.g., 376 2 is supposed to be taken prior to 363). This means that the matrix is upper right triangular and thus a feed forward situation. The courses that are the required inputs for the most other courses are 152 (the second calculus course) and 181 (an introductory manufacturing course). These two course are critical to student progression. This could be used to advise students to take these courses early and to ensure that they focus on them to receive a passing grade. This could also be used to direct resources to ensure that students are able to take this course (e.g., increase the number of available sections). The second DSM was created using the required incoming and expected outgoing skills feedback from the faculty. It should be noted the in some cases these are service courses and faculty feedback was not available. In the cases where physics or calculus skills were defined as required incoming skills, the second calculus course was defined as the incoming requirement and the physics skills were based on the content of the relevant course. This DSM matrix is shown in Figure 3 . Again if actual suggested course order were included, all interactions are in the upper right triangle of the matrix. According to the faculty skill interactions, the most relevant course (with six interactions) is again 181. Other courses with a significant number of interactions (greater than four) include 275 and 361 which each have five interactions.
Results
The third DSM shows the differences between the prerequisites listed in the course catalogue and those defined by desired incoming and expected outgoing course skills as defined by the faculty. Those interactions that are in agreement between the previous two matrices are shown with an "X". Interactions that are listed in the course catalogue, but not required according to faculty skill input are shown with a "C". Those required by faculty skill feedback, but not listed in the course catalogue are shown with an "F". It should be noted that some skills are requested by the faculty that would be deemed redundant in the course catalogue. This would occur if skills required for a prerequisite for a prerequisite course are requested (e.g., statics -275 and mechanics of materials -376 needed for 363). However, this matrix could also be used to identify prerequisites that should exist -those shown with an "F"; it can also highlight those prerequisites that are unnecessary -those with a "C". Additional faculty feedback will be Page 25.65.7
necessary to determine if that is indeed the case. However, the DSM tool does highlight where attention for such discussion should be focused. Again, the critical courses can be identified based on the number of interactions. Again 181 is a key course with eight interactions. It is followed by the MATH 152 calculus course with seven interactions. The first physics, course PHYS 218 (mechanics), as well as ENTC 275, ENTC 281, and ENTC 361 all have five interactions. Given that the matrices are upper triangular both from the catalogue and faculty skill perspectives, there is no need to partition or reorder the DSM. 
Discussion
A methodology for assessing a curriculum has been presented. This methodology could also be used to develop a curriculum. The methodology centered around input from both faculty and industry; this is keeping in line the prescription of Earnest to have clarity among stakeholders 10 .
The skills that faculty expected that students would have at the end of their courses served as the basis for the assessment of the curriculum. These along with free response skills from members of the industrial advisory committee were used to validate 1 that the curricular product offered by the program was correct. The faculty and IAC members were asked to identify the importance of the various skills that were identified. There was broad agreement between faculty and the IAC members as to which skills were critical or highly important. These included: problem solving, project management, communications, the ability to apply theory, and manufacturing process selection. The skills identified by faculty and IAC as critical are also in agreement with those found in the literature related to engineering education (e.g., those cited by Shuman as professional skills 6 ).
The design structure matrix was used to identify the interactions among courses based on catalogue prerequisites and cited faculty desired skill inputs and outcomes. The DSM's showed that the courses are not in a coupled or misaligned sequence. This is due to the upper triangular nature of the DSM for program courses. The DSM shows which courses are critical in the program (i.e., have the most interactions). This information could serve as a basis to focus student, faculty, and administrative efforts and resources on these critical courses. Given some disagreement between the prerequisite structure shown dictated by the skill sets and that dictated by the course catalogue, there may be an opportunity to increase or remove some prerequisites from the course catalogue; these results will serve as the basis for that discussion.
The discussion viewed above should be viewed within some limitations. First, while two key stakeholder groups were involved in this process; two others were not: students and administration. Future work will attempt to include their feedback with respect to which skills are most important. Another limitation of the work was limited input that faculty had. Ideally, all faculty (as opposed to solely the instructor of record) would be involved in an iterative and dynamic process to determine which skills were necessary for courses and which skills they expect students to emerge from those courses having mastered. Another limitation is the lack of input from faculty that are responsible for service courses (these represent almost a third of total program courses). Future work will attempt to remedy these limitations.
